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Description 

The present invention relates to a sustained 
release Ibuprofen formulation, and in particular to 
such a formulation which will provide sustained 
release of the Ibuprofen over a period of about 
twelve hours. 

It is well known that some medical conditions 
are best treated by administration of a phar- 
maceutical which is formulated to allow the phar- 
maceutical to act as quickly as possible. Such a 
formulation may comprise an injectable solution 
or a readily dissolvable tablet or capsule. Such 
formulations are useful, for instance, for treating 
acute pain, such as headaches or pain associated 
with trauma, such as an accident. 

On the other hand some medical conditions are 
best treated by administration of a pharmaceuti- 
cal in such a way as to sustain its action over an 
extended period of time. This type of adminis- 
tration is useful, for instance, for treating chronic 
pain, such as that associated with rheumatic or 
arthritic conditions. 

This type of administration can be achieved by 
repeated administration of an immediate-release 
tablet or capsule at frequent intervals, for instance 
every four hours. However, this is generally 
inconvenient, especially during the night, when it 
is often necessary to wake a patient up to admins- 
ter the tablet or capsule. 

It has therefore been proposed to produce a 
formulation which will release the pharmaceutical 
therein at a controlled rate such that the amount 
of the pharmaceutical available in the body to 
treat the condition is maintained at a relatively 
constant level over an extended period. A particu- 
larly suitable period is twelve hours, since such a 
formulation need only be taken twice a day to 
maintain control of the condition. Such formula- 
tions are generally known as sustained release 
formulations. 

Although many sustained release formulations 
are known, there is no generally applicable 
method by which such formulations can be 
designed. Each formulation is dependent on the 
particular pharmaceutical incorporated therein. In 
designing a formulation, it is generally necessary 
to take into account many factors, including the 
rates of absorption and clearance of the phar- 
maceutical, the interaction of the pharmaceutical 
with the excipients and/or coatings to be used in 
the formulation, the solubility of the excipients 
and/or coatings, and the effects on the bioavaila- 
bility of the pharmaceutical which may be caused 
by the excipients and/or coatings. It is, however, 
not possible readily to predict whether any par- 
ticular formulation will provide the desired sus- 
tained release, and it is generally found necessary 
to carry out considerable experimentation to pro- 
duce a desired sustained release formulation. 

It is known that Ibuprofen (which is the generic 
name for a-methyl-4-(2-methylpropyl)benzene 
acetic acid; see GB— A— 0 971 700) is a phar- 
maceutical useful for the treatment of both acute 
and chronic pain. For instance, in the United 



Kingdom it is sold in an immediate release formu- 
lation as Brufen, Apsifen, Proflex or Nurofen and 
as a sustained release formulation as Fenbid. 
(Brufen, Apsifen, Nurofen and Fenbid are all 
5 registered trade marks). 

It has been found that the sustained release 
formulation which is on the market does not 
provide as good a sustained release over a twelve 
hour period as is desirable. There is therefore a 
10 need to provide an improved sustained release 
Ibuprofen formulation having good sustained 
release over a period of twelve hours. The present 
invention is based on the discovery of such an 
improved sustained release Ibuprofen formula- 
te tion. 

In the following description, all parts and per- 
centages are by weight unless otherwise indi- 
cated. 

According to the present invention, there is 

20 provided a sustained release Ibuprofen formula- 
tion comprising sufficient granules to provide a 
predetermined dose or number of doses of Ibup- 
rofen, each granule having a diameter between 
0.5 and 2.0 mm and comprising: 

25 a) a core containing 100 parts by wt. of Ibupro- 
fen and from 10 to 70 parts by wt of a microcrys- 
talline cellulose; and 

b) a coating covering substantially the whole 
surface of the core and comprising 100 parts by 

30 wt. of a water insoluble but water swellable 
acrylic polymer and 20 to 70 parts by wt. of a 
water-soluble hydroxylated cellulose derivative, 
the weight of the coating being from 5 to 20% of 
the weight of the core. 

35 It will be appreciated that the exact diameter of 
the granules and the composition and amount of 
coating will depend on the time over which the 
formulation is designed to work. 
For instance, for a 24 hour formulation, the 

40 granule diameter is preferably between 1.5 and 
2.0 mm, the coating preferably contains 25 to 35 
parts by wt. of the water soluble hydroxylated 
cellulose derivative, and the weight of the coating 
is approximately 20% of the weight of the core. 

45 In another instance, for a 12 hour formulation, 
the granule diameter is preferably between 0.7 
and 1.2 mm, the coating preferably contains 25 to 
35 parts by wt. of the water soluble hydroxylated 
cellulose derivative, and the weight of the coating 

so . is between 8 and 12% of the weight of the core. 
The core preferably contains between 15 and 25 
parts by wt> advantageously 20 parts by wt. of the 
microcrystalline cellulose, and may conveniently 
be prepared by mixing the components together 

55 with some water to produce a slightly cohesive 
product. The cohesive product may then be 
extruded, chopped into suitable lengths, spheron- 
ised and dried. 
Microcrystalline cellulose is a well known form 

60 of cellulose which is partially depolymerised. A 
particularly suitable microcrystalline cellulose is 
sold under the name of Avicel (which is a regis- 
tered trade mark). However, other equivalent 
materials may be used, as will be readily apparent 

65 to those skilled in the art. 
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Preferably, the coating comprises about 30 
parts by wt. of the hydroxylated cellulose deriva- 
tive. If too much of this derivative is present, the 
coating may become too sticky and the rate of 
release may become too high. If too little is 
present, the rate of release may be too low. 

A particularly suitable hydroxylated cellulose 
derivative is hydroxypropyl methylceilulose 
having a degree of substitution of 28 to 30% of 
methoxy groups and 7 to 12% of hydroxy groups. 
However, other equivalent materials such as hyd- 
roxyethyl or hydroxymethyl celluloses can be 
used. 

The acrylic polymer is preferably neutral and 
may comprise a homopolymer or a copolymer, 
for instance of acrylic acid esters or methacrylic 
acid esters. Preferably, the acrylic polymer is 
provided as an aqueous dispersion. 

A particularly suitable acrylic polyer is sold 
under the name of Eudragit (which is a registered 
trade mark), which comprises a copolymer of 
acrylic and methacrylic acid esters and which is 
usually supplied as an aqueous dispersion con- 
taining approximately 30% solids. 

The coating may conveniently be prepared by 
forming a solution of the hydroxylated cellulose 
derivative and mixing it with a dispersion of the 
acrylic polymer. The aqueous mixture is then 
used to coat the dried core particles, and the 
coated particles are subsequently dried to pro- 
duce the granules. 

Preferably, the coated granules are sieved to 
ensure that they are in the correct size range. 

The granules may be supplied loose with a 
means for dispensing a measured amount of 
granules, for instance to be sprinkled on food. 
Alternatively, the granules may be provided in 
sachets containing measured amounts. 

The granules may, if desired, be formed into 
tablets using conventional tabletting machinery. 

However, preferably the granules are placed in 
measured amounts in readily soluble capsules. 
The capsule may be any of those already known 
in the art, and may, for instance, comprise a thin 
gelatin skin. Preferably, the capsule contains 
either 200 or 300 mg of Ibuprofen. 

It has surprisingly been found that by the above 
set out selection of the materials for the core and 
the coating, the relative amounts of the com- 
ponents, and the size of the granules, it has 
proved possible to produce a sustained release 
Ibuprofen formulation which acts effectively over 
any desired period, in particular a twelve hour 
period. 

One embodiment of the present invention is 
now described, by way of example only, with 
reference to the accompanying drawings, in 
which: 

Figure 1 shows the mean plasma concentration 
of Ibuprofen following administration of Brufen; 

Figure 2 is similar to Figure 1, but relates to 
Fenbid; 

Figure 3 is similar to Figure 1, but relates to a 
formulation according to the present invention; 
and 



Figure 4 shows blood level time profiles after a 
fourth day morning dose following three days of 
administration of a formulation according to the 
invention ( — 0 — ) and Brufen { — A — ). 

5 c > , 

Example 

The formulation described below was 
developed using the OSAT system developed by 
the Inventors at the University of Bradford. 

m 1000 g of Ibuprofen and 200 g of Avicel were 
mixed together by doubling up in a dry blender. 
615 ml of water was added in portions until a 
slightly cohesive product was formed. The cohe- 
sive product was passed through an extruder and 

15 the extruded material was chopped to produce 
slugs having a diameter of about 1 mm and a 
length of 2 to 3 mm. The slugs were spheronised 
by passage through a spheroniser, and the par- 
ticles thus formed were dried to constant weight 

20 at 45°C. The dried particles were sieved to 
separate those having diameters between 0.7 and 
1.5 mm. 

15 g of hydroxypropyl methylceilulose was dis- 
solved in 135 ml of hot water and cooled. The 

25 cooled solution was mixed with 167 g of Eudragit 
E30D (containing 50 g solids) and the mixture was 
diluted with a further 190 ml of water to produce a 
coating mixture containing 0.128 g solids per 
gram of mixture. 

30 The sieved core particles were rotated in a 
small coating pan and the coating mixture was 
added in portions to the pan until the weight of 
solids in the added coating mixture was 10% of 
the weight of the core particles. After each por- 

35 tionwise addition of coating mixture, air was 
blown into the pan to assist in solvent removal. At 
the end of the addition of the coating mixture, the 
coated core particles were dried to constant 
weight at ambient temperature and sieved to 

40 produce granules having a size between 0.8 and 
1.2 mm. 

Hard gelatin capsules were each filled with 
400 mg of the granules, to produce a total dose of 
300 mg of Ibuprofen per capsule. 

45 The following experiments were carried out on 
healthy human volunteers to determine the 
release properties of the formulation set out 
above in comparison to Brufen and Fenbid. 
Each volunteer had a light evening meal and 

so drank 1.5 I of tap water during the course of the 
evening prior to each trial. 

For the trials with Brufen, which is an immedi- 
ate release formulation, each volunteer had a 
light breakfast at 08.00 hrs and took an oral dose 

55 of 200 mg Brufen at 10.30 hrs. Blood samples 
were collected at 0.5, 1, 1.5, 2, 4, 6, 8 and 12 hours 
after administration of the dose. 

For the trials with Fenbid and the formulation of 
the invention, each volunteer took an oral dose of 

60 300 mg of Ibuprofen, either as Fenbid or as 
formulated above, at 07.30 hrs arid then had a 
light breakfast at 09.00 hrs. Blood samples were 
collected at 0, 2, 4, 6, 8, 10, 12 and 15 hours after 
administration of the dose. 

65 During all the trials, only light meals were taken 
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and each volunteer was limited to a daily fiuid 
intake of approximately 1 .5 I of water. 

A washout period of one week was allowed 
between each of the three series of trials. 

Blood samples were collected, by finger tip 
puncture with a sterile blood lancet, into 
heparinized capillary collection tubes. Plasma 
was harvested by centrifugation and deep-frozen 
until assayed. Assays were carried out by high 
pressure liquid chromatography on a 
250x4.6 mm reversed phase column packed with 
Partisil 10 ODS at ambient temperature, using a 
mobile phase of 50% acetonitrile/50% water at pH 
3, using a solution of butyl-p-hydroxybenzoate as 
an internal standard. 

Referring now to the Figures, it can be seen 
from Figure 1 that the plasma level of Ibuprofen 
following administration of Brufen rises rapidly to 
a peak at about 2 hours and rapidly falls to a low 
level. 

From Figure 2 it can be seen that for Fenbid the 
peak value occurs at approximately 4 hours with a 
less rapid rise and fall than for Brufen. However, 
the plasma level is by no means as constant as 
desirable. 

From Figure 3 it can be seen that the plasma 
level obtained using the present formulation is 
much more constant that that obtained even with 
Fenbid, the level being relatively constant over a 
period of at least 2 to 12 hours following adminis- 
tration. 

A measure of the sustained release properties 
of a formulation is the ratio between the plasma 
level at its peak and the plasma level at the end of 
the desired sustained release period, in this case 
12 hours. This ratio preferably is as close to one 
as possible. For Brufen this ratio is 18.4, for 
Fenbid it is 5.3 and for the formulation of the 
present invention it is 2.1. 

It can readily be seen from the data presented 
above that the present formulation provides a 
much improved twelve hour sustained release 
formulation than was previously available. 

A further advantage of the present formulation 
is that it can be taken with or without food. If the 
formulation is taken with food, the time taken to 
reach its peak concentration in plasma is about 
the same as if it is taken without food, whereas 
the peak plasma concentration is slightly reduced 
and the absorption is spread over a slightly longer 
period. However, these differences are only minor 
and can for practical purposes be ignored, as the 
usual statistical tests did not show them to be 
significant. 

The present formulation has also been com- 
pared with the immediate-release formulation 
Brufen in a multi-dose, double-blind crossover 
study using 12 healthy human volunteers. Figure 
4 summarises the results obtained. The study 
confirmed the pronounced sustained release 
characteristics of the present formulation and 
provided clear evidence of persisting drug levels 
in plasma in the morning following an evening 
dose, a phenomenon which is much less pro- 
nounced {and totally absent in some subjects) 



when Brufen is used. Therefore, the present 
formulation has the potential to relieve "morning 
stiffness", a common problem in rheumatic and 
arthritic patients. Also, the formulation has sub- 

5 stantially no effect on the bioavailability of the 
Ibuprofen compared with the known immediate- 
release formulations such as Brufen and Apsifen, 
although the apparent bioavailability of both was 
somewhat lower in the multi-dose study than in 

to the single-dose studies. 

Moreover, it has been shown that the formula- 
tion is storage stable over at least 12 months at 
high temperatures (up to 50°C) and high relative 
humidity. There is little effect on the Ibuprofen or 

75 the sustained release properties under these 
stressful storage conditions and no effect under 
normal storage conditions. 
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Claims 



1. A sustained release a-methyl-4-(2-methyl- 
propyl)benzene acetic acid (Ibuprofen) formula- 
tion comprising sufficient granules to provide a 
predetermined dose or number of doses of Ibup- 

25 rofen, each granule having a diameter between 
0.5 and 2.0 mm and comprising: 

a) a core containing 100 parts by wt. of Ibupro- 
fen and from 10 to 70 parts by wt of a microcrys- 
talline cellulose; and 

30 b) a coating covering substantially the whole 
surface of the core and comprising 100 parts by 
wt. of a water insoluble but water swellable 
acrylic polymer and 20 to 70 parts by wt. of a 
water-soluble hydroxylated cellulose derivative, 

35 the weight of the coating being from 5 to 20% of 
the weight of the core. 

2. The formulation of claim 1, which is a 24 hour 
formulation, wherein the granule diameter is 
between 1.5 and 2.0 mm, the coating contains 25 

40 to 35 parts by wt. of the water soluble 
hydroxylated cellulose derivative, and the weight 
of the coating is approximately 20% of the weight 
of the core. 

3. The formulation of claim 1, which is a 12 hour 
45 formulation, wherein the granule diameter is 

between 0.7 and 1.2 mm, the coating contains 25 
to 35 parts by wt. of the water soluble 
hydroxylated cellulose derivative, and the weight 
of the coating is between 8 and 12% of the weight 
so of the core. 

4. The formulation of any one of claims 1 to 3, 
wherein the core contains between 15 and 25 
parts by wt of the microcrystalline cellulose. 

5. The formulation of any one of claims 1 to 4, 
55 wherein the coating comprises about 30 parts by 

wt. of the hydroxylated cellulose derivative. 

6. The formulation of any one of claims 1 to 5, 
wherein the hydroxylated cellulose derivative is 
hydroxypropyl methylcellulose having a degree 

60 of substitution of 28 to 30% of methoxy groups 
and 7 to 12% of hydroxy groups. 

7. The formulation of any one of claims 1 to 6, 
wherein the acrylic polymer is neutral. 

8. The formulation of any one of claims 1 to 7, 
65 wherein the granules are contained in a capsule. 
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9. A process for producing a formulation 
according to any one of claims 1 to 8 comprising: 

1. mixing the Ibuprofen with the microcrys- 
talline cellulose; 

2. forming the mixture into particles; 

3. forming a solution of the hydroxylated cellu- 
lose derivative and the acrylic polymer; and 

4. coating the particles using the solution to 
form the granules. 

10. The process of claim 9, wherein the granu- 
les are sieved after formation. 

Patent a nsp ruche 

1. a-Methyl-4-(2-methylpropyl)benzol-Essig- 
saure-(lbu-profen-) Formulierung mit verzogerter 
Wirkstoffabgabe, die genug Kornchen enthalt, urn 
eine vorherbestimmte Dosis oderZahl von Dosen 
Ibuprofen zu bieten, wobei jedes Kornchen einen 
Durchmesser zwischen 0,5 und 2,0 mm aufweist 
und 

a) einen Kern, der 100 Gewichtsteile Ibuprofen 
und 10 bis 70 Gewichtsteile einer mikrokristal li- 
nen Zeliulose enthalt; und 

b) eine Umhiillung umfaBt, die im wesentlichen 
die gesamte Oberflache des Kerns bedeckt und 
100 Gewichtsteile eines wasserunloslichen aber 
in Wasser schwellenden Akrylpolymers und 20 
bis 70 Gewichtsteile eines wasserldslichen, 
hydroxylierten Zellulosederivates enthalt, wobei 
das Gewicht der Umhiillung 5 bis 20% des Kern- 
gewichtes betragt. 

2. Formulierung nach Anspruch 1 f die eine 24- 
Stunden-Formulierung ist, wobei der Kornchen- 
durchmesser 1,5 bis 2,0 mm betragt, die Umhul- 
lung 25 bis 35 Gewichtsteile des wasserloslichen, 
hydroxylierten Zellulosederivates enthalt und des 
Gewicht der Umhullung etwa 20% des Kernge- 
wichtes betragt. 

3. Formulierung nach Anspruch 1, die eine 12- 
Stunden-Formulierung ist, wobei der Kornchen- 
durchmesser 0,7 bis 1,2 mm betragt, die Umhul- 
lung 25 bis 35 Gewichtsteile des wasserloslichen, 
hydroxylierten Zellulosederivates enthalt und das 
Gewicht der Umhullung 8 bis 12% des Kernge- 
wichtes betragt. 

4. Formulierung nach einem der Anspruche 1 
bis 3, wobei der Kern 15 bis 25 Gewichtsteile der 
mikrokristallinen Zeliulose enthalt. 

5. Formulierung nach einem der Anspruche 1 
bis 4, wobei die Umhullung etwa 30 Gewichtsteile 
des hydroxylierten Zellulosederivates umfafct. 

6. Formulierung nach einem der Anspruche 1 
bis 5, wobei das hydroxylierte Zellulosederivat 
Hydroxypropyl-methylzelluiose ist, mit einem 
Substitutionsgrad von 28 bis 30% der Methoxy- 
gruppen und 7 bis 12% Hydroxygruppen. 

7. Formulierung nach einem der Anspruche 1 
bis 6, wobei das Akrylpolymer neutral ist. 

8. Formulierung nach einem der Anspruche 1 
bis 7, wobei die Kornchen in einer Kapsel 
enthalten sind. 

9. Verfahren zur Herstellung einer Formulierung 
nach einem der Anspruche 1 bis 8, welches: 

1. das Mischen von Ibuprofen mit der mikrokri- 



stallinen Zeliulose; 

2. das Formen des Gemisches zu Teilchen; 

3. das Bilden einer Losung des hydroxylierten 
Zellulosederivates und des Akrylpolymers; und 

5 4. die Umhullung der Teilchen unter Verwen- 
dung der Losung zur Bildung der Kornchen 
umfalSt. 

10. Verfahren nach Anspruch 9, wobei die 
Kornchen nach der Bildung gesiebt werden. 

10 

Revendications 

1. Formulation d'acide a-m6thyl-4-(2-methyl- 
propyl)benzene-acetique (Ibuprofen) a liberation 

15 prolongee comprenant suffisamment de granules 
pour former une dose d'lbuprofen predetermined 
ou un nombre de doses d'lbuprofen predeter- 
mine, chaque granule ayant un diametre situe 
entre 0,5 et 2,0 mm et comprenant: 

20 a) un noyau contenant 100 parties en poids 
d'lbuprofen et de 10 a 70 parties en poids d'une 
cellulose microcristalline; et 

b) un revetement recouvrant sensiblement 
toute la surface du noyau et comprenant 100 

25 parties en poids d'un poiymere acrylique insolu- 
ble dans I'eau mais gonflable dans I'eau et 20 a 70 
parties en poids d'un derive ceilulosique 
hydroxyle hydrosoluble, le poids du revetement 
representant 5 a 20% du poids du noyau. 

30 2. Formulation selon la revendication 1, qui est 
" une formulation de 24 heures, dans lequelle le 
diametre des granules est compris entre 1,5 et 
2,0 mm, le revetement contient 25 a 35 parties en 
poids de derive ceilulosique hydroxyle hydrosolu- 

35 ble et le poids du revetement est d'approximati- 
vement 20% du poids du noyau. 

3. Formulation selon la revendication 1, qui est 
une formulation de 12 heures, dans laquelle !e 
diametre des granules est compris entre 0,7 et 

40 1,2 mm, le revetement contient 25 a 35 parties en 
poids de derive ceilulosique hydroxys hydrosolu- 
ble et le poids du revetement est compris entre 8 
et 12% du poids du noyau. 

4. Formulation selon I'une quelconque des 
45 revendications 1 a 3, dans laquelle le noyau 

contient entre 15 et 25 parties en poids de cellu- 
lose microcristalline. 

5. Formulation selon I'une quelconque des 
revendications 1 a 4, dans laquelle le revetement 

so comprend environ 30 parties en poids de derive 
ceilulosique hydroxyle. 

6. Formulation selon I'une quelconque des 
revendications 1 a 5, dans laquelle le derive 
ceilulosique hydroxyle est une hydroxypropylme- 

55 thyfcellulose ayant un degre de substitution de 28 
a 30% de groupes methoxy et de 7 a 12% de 
groupes hydroxy. 

7. Formulation selon I'une quelconque des 
revendications 1 a 6, dans laquelle le poiymere 

so acrylique est neutre. 

8. Formulation selon I'une quelconque des 
revendications 1 a 7, dans laquelle les granules 
sont contenus dans une capsule. 

9. Procede de preparation d'une formulation 
65 selon I'une quelconque des revendications 1 a 8, 
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comprenant: 

1. le melange de I'lbuprofen avec la cellulose 
microcristalline; 

2. la transformation d melange en particules; 

3. la formation d'une solution du derive cellulo- 
sique hydroxyle et du polymere acrylique; et 



4. le revetement des particules avec la solution 
pour former les granules. 

10. Procede selon la revendication 9, dans 
lequei les granules sont tamises apres leurforma- 
5 tion. 
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